The research on the banking efficiency all around the world has been one of the main topics for the international financial sectors over the last years. The special case is in Europe. Some of the countries are in the European Union. The European Commission creates the rules for safer and sounder financial sector in these countries. In the past, these rules brought a lot of controversy whether they help to all countries in the European Union or just some of them. The purpose of this article is to determine the development of different types of efficiencies for banking industry in the Visegrad Group. Generally, the development is measured by the Malmquist approach. Different type of index is used in this article, more precisely the Hicks-Moorsteen Total Factor Productivity index. It is one of the alternative indexes. The results have showed that the model with the variable return to scale assumption is better for the use in banking industry in the Visegrad Group, as this model is more precise about the results.
INTRODUCTION
The situation in countries at the European Union (EU) in recent history has been problematic. The crisis, wars and all kinds of conflicts in the past have affected the EU not only demographically, politically but mainly economically.
Since the World War II countries as Czechoslovakia, Hungary and Poland were part of a social bloc. The social block was influenced mainly by the Soviet Union. Economically it was characterized by a centrally planned economy with a focus on economic relations of countries within the block. This had changed when the social block had fallen apart in 1989. The countries of the social block have to integrate into the international political and economic environment. This brought mutual cooperation in the region. In February 1991 the Visegrad Group (V4) was established. Since the split of Czechoslovakia in 1993, the Visegrad Group is consisted by four countries -the Czech Republic, Hungary, Poland and Slovakia. According to the new situation, it was necessary to create a market economy and gradually to open to the rest of the world. The transformation of the banking system was an essential part of the transformation, as banks play crucial role of financial intermediaries in market economies. Since 2004, all countries of the V4 are part of the EU. They are in the common internal market which includes the financial sector. This is good for further development of financial institutions. There may be problem with the new situation of the competition. In the EU the possibility of foreign financial institutions to enter domestic market is higher than it was in the past. Slovakia also joined the third stage of the European Monetary Union. They adopted the common European currency (euro) in 2009. The rest countries of V4 are still without the euro and they are preparing for the stage.
Nowadays, in time of the world wide globalization there are still differences between countries. These differences affect the structure, development and stability of the financial system. The V4 countries are geographically and historically close. So it should be assumed that the properties of their financial and banking systems should not show major differences. Identification of potential differences of the development in the V4 countries is one of the objectives of this paper. This paper mainly focuses on a use of HicksMoorsteen Total Factor Productivity (TFP) index. It is one of the alternative TFP indexes instead of the popular Mamlquist productivity index (MPI) for measuring the TFP changes. This is due to the work of O'Donnell (2012) . He had demonstrated that the MPI cannot be used to reliably measure TFP changes except in some special cases. The work of Kerstens et al. (2010) demonstrates as well that the MPI is not always the TFP index. The technology assumption for the return to scale -constant (CRS) or variable (VRS) is also discussed in literature a lot for MPI with different results, see for example work of Coelli and Rao (2005) or Ray and Desli (1997) . For these reasons, this paper employs the Hicks-Moorteen TFP index to analyze banks's performance in the V4 countries for both assumptions -CRS and VRS. Results of both cases are then analyzed and compared.
The remainder of the paper is structures as followed. Next section discuss the review of the literature for the topic. In Section 3 it is exposed the methodology of Hicks-Moorsteen TFP index approach. Section 4 introduces the used data while Section 5 presents empirical results of the paper. Section 6 finally provides final considerations and conclusions.
LITERATURE OVERVIEW
The empirical analysis of banking efficiency and its decompositions are very frequently discussed topics in literature. In particular, great attention is now focused on the European banking industry. The banking sector is experiencing a difficult situation due to the crisis and all conflicts of the recent years and the pressure of globalization.
In work of Fang et al. (2014) are identified three reasons for the interest. The first talks about many structural changes of banking regulation, financial market structure and competition environment in transition economies. The second discusses the development of security markets and the fact that more banks are treated publicly in stock market nowadays. The third focuses on the idea that there have been established the Basel Capital Accord. Under this the greater supervisory efforts have been focused on risk management and enhancing the capital ratio.
These and probably some other reasons let many authors to study the problematic banking industry all around the world, in Europe, in the V4 or even just in one exact country. For example the work of Lyroudi and Angelidis (2006) and Svitálková (2014) for the Europe may be mentioned as the inspiration. The countries which are part of the V4 were discuss in work of Řepková (2014) or Stavárek and Řepková (2012) for example.
In the literature, there are known two main approaches for evaluation of the bank efficiency as production unit. These approaches are based on the traditional microeconomic theory of the firm. The primary source of difference between them is the treatment of deposits. The approaches are as following:
Production approach. This approach views deposits as output. Banks are seen as producers of deposits, loans and other services. The inputs are define as physical variables -labour, material, space, information systems etc. This approach was found by Benston (1965) . Benston also found out two main disadvantages of this approach -a detailed database is required (the number of deposit and loan accounts or the operational cost) and it does not take into consideration the interest cost.
Intermediation approach. It was found by Sealy and Lindley (1977) . In this concept the bank produce intermediation services. Banks are as financial intermediaries channelling funds between depositors and creditors. They collect deposits and other liabilities to apply it as interest-earning assets, such as loans, securities and other investments. The deposits are considered as input in this approach. The advantage of this approach is that operating cost and interest cost are considered.
Nowadays, the second approach -the intermediation approach -is the most common for researchers. This paper is devoted to examining the bank efficiency based on the intermediation approach as well.
This paper is attempt to use the HicksMoorsteen TFP index to decompose TFP for banking sector in the V4. Generally for this type of study is used the popular MPI. This index was initially introduced by Caves et al. (1982) as theoretical index. Based on work of Farrell (1957) , Färe et al. (1992) have developed a new MPI to measure the changes. They also showed that the new MPI could be decomposed into two change components: technical and efficiency. Later, Färe et al. (1992) made decomposition even further -pure technical efficiency change and change in scale efficiency. However, O'Donnell (2012) presented that the MPI as the TFP index cannot be used to reliably measure TFP changes except some cases. He and later other researches have pointed out that the distance functions constituting the MPI TFP index may well be undefined when estimated by general technologies. On the other hand the Hicks-Moorsteen productivity index is welldefined under weak conditions on technology (weak assumptions of strong disposability) and thus more reliable than the MPI TFP index. For these reasons some new studies employs the Hicks-Moorsteen TFP index, for example Arjomandi et al. (2014) , Islam et al. (2014) and so on.
There are some discussions about the assumption of the return to scale. O'Donnell (2012) described that the Hicks-Moorsteen TFP index is better to use for the VRS. Generally, there are mixed results, see Coelli and Rao (2005) or Ray and Desli (1997) . In this paper it is supposed that the VRS assumption should be better. The CRS assumption has in banking industry more troubles. The banking industry faces usually imperfect competition, government regulation, un-distinction of size or some other situations. These factors may with the CRS assumption lead to worst results then it would be with the VRS result.
This paper uses the intermediation approach to determine different efficiency changes for banks in the V4 through the Hicks-Moorsteen TFP index with two assumptions of return to scale -CRS and VRS. These analyses are made to better understand the past in this region to be able predicted the future and improve this industry in these countries. There have been some empirical researches on this topic, but the research for the V4 in this period is first.
METHODOLOGY

The Hicks-Moorsteen TFP index
The standard used definition of the TFP is following
where TFP nt is the TFP of the n-th decision making unit (DMU) in the period t, X nt and Y nt represents the vector of input and output variables, respectively. The equation 1 expresses the index number that measures changes in TFP as the ration of an output quantity index to an input quantity index. This index number is referred to as multiplicatively-complete index.
O 'Donnell (2010 'Donnell ( , 2012 proved that the Hicks-Moorsteen TFP index is a consistent with the above equation 1 of TFP, so it may as well be define as multiplicatively-complete indexes. The additional value of this index is that it can be computed without required price data. The Hicks-Moorsteen TFP index is define as following:
where
are output and input distance functions, respectively. P T denotes the period-T production possibilities set in these functions. This paper is using the nonparametric DEA method to compute the distance functions. This method was also used by O'Donell (2010 O'Donell ( , 2012 . The advantage of the DEA is that it does not require any restrictive assumptions regarding the functional form and efficiency distribution. On the other hand, the DEA has its own limitations and makes no allowance for stochastic noise. These disadvantages have to be taken in mind in interpreting the results. Due to this statistical shortcoming, any possible measurement errors in the data could make the estimated efficiency and TFP indexes to some extent biased.
The decomposition of the Hicks-Moorsteen TFP index
Advantage of the Hicks-Moorsteen TFP index is also its decomposability. The decomposition is good for better understanding of the situation which is measured. All detail may be seen in the work of O'Donell (2010 O'Donell ( , 2012 . The general idea is that with some regards to the efficiency measures defined above, the following input-oriented decomposition can be defined as following:
where ITE t is input-oriented technical efficiency, IME t is input-oriented mix efficiency, RISE t is residual input-oriented scale efficiency and TFP * t is defined as the maximum TFP possible using any technically feasible inputs and outputs.
The equation 3 may be rewritten as following:
(4) A similar equation can be formulated for any other DMU like m in period s. So the index number which compares the TFP of DMU n in period t with the TFP of DMU m in period s is defined as following: 
DATA AND MEASUREMENT OF INPUTS AND OUTPUTS
This paper uses the intermediation approach, as it was chosen as the most improved in this area, see in Section 2. This concept sees banks as producers of intermediation services. Banks should collect deposits and other liabilities to apply it. According to the approach, the basic inputs are physical capital, labour and loanable funds. The basic output are advances and investments.
In previous studies by Hančlová and Chytilová (2015) have been shown that inclusion of the non-interest income into output vector is improving the results. The noninterest income represents in the model the non-traditional activities of banks. If banks are active in the non-traditional activities, it helps them with problematic situation of feegenerating activities. According to this previous analysis, the variable -non-interest income has been include into this model.
Tab. 1 provides the details about input and output variables. The finall model includes three variables in the input vector -physical capital, labour and loanable funds; and it has also three variables in the output vectoradvances, investments and non-interest income. The required data have been collected from the BankScope (2015). This paper is based on period between 2008 to 2013. The V4 countries had many banks during this period. Not all banks have been in this period for all time (bankruptcies, mergers etc.) or some data were missing. These banks were excluded from the analysis. It is due to the fact that a homogeneous set is required for Data Envelopment Analysis. Just banks from the V4 countries which were in the banking industry for whole period (2008) (2009) (2010) (2011) (2012) (2013) and banks with all needed data from the BankScope were defined as DMUs of this paper. Finally, there have been 27 banks -eight banks from the Czech Republic and Poland, six from Slovakia and five from Hungary. The list of banks is in Tab. 4 in Annex. The fact that all banks have not been used may affect the results. This has to be kept in mind in the final analysis.
EMPIRICAL ANALYSIS RESULTS
This paper have examined the decomposition of TFP by the Hicks-Moorsteen TFP index for the V4 banks using constant and variable return to scale assumption. In this section are analyzed and presented the main results. There have been provide various efficiency measurements for each individual bank of the V4. To be clearer with the results, this paper presents two kinds of results: (1) results by each country (geometrical average of all banks in the country), and (2) results by over all banking industry in the V4 (geometrical average of all banks in the V4).
Tab. 2 and Tab. 3 report indexes measuring changes in total factor productivity (dTFP), the technology (dTech) and various other types of efficiency for the banking industry in each country of the V4 for each period. Tab. 2 is for index with CRS assumption and Tab. 3 shows results for the VRS assumption.
Tab. 2 with the CRS assumption is showing the following:
• Czech Republic -big improvement in TFP growth (dTFP) of above 31% (1.311) in period 2011-2012. However, there are there There have been not be declare significant deterioration of dTFP. This is little bit surprising, but it may due to the fact that lot of many in Hungary was fixed in Swiss franc which was not effected by the the world-wide financial crisis so much. Also the government influence the banking sector a lot by some restrictions which may with CRS assumption cost some errors as it was mentioned earlier.
• Poland -it is not really seen improvement in TFP growth in first three periods. In fourth period, 2011-2012 there is big improvement in dTFP of 30%, but next year there is a significant deterioration of dTFP of below 100%.
• Slovakia -seems have very turbulent environment. Periods 2008 Periods -2009 Periods , 2010 Periods -2011 Periods and 2012 Periods -2013 hows that the FP growth almost did not change. On the other hand, the significant deterioration of dTFP of below 100% are seen in period 2009-2010 (79.1%) and 2011-2012 (95.6%) . The reason for the first and largest one is probably the change of currency.
The technological change (dTech) estimates for all countries similar results -in period from 2008 to 2010 the technological change declines. Specially in period [2008] [2009] are the values lowest. From 2010 there is change and dTech is improving for all countries. So it again seen that the recovery from the world-wide financial crisis is seen everywhere. Also all countries of the V4 made big changes in the policy of banking risk management which helped also improved the dTech.
Tab. 3 with the VRS assumption is showing similar results as Tab. 2. The trends in TFP change for the Czech Republic and Hungary are same. In case of the Czech Republic it is seen that the values of TFP are more closer to 100%, except of the crisis period. The TFP change of banking in the Czech Republic has no improvement or deterioration since [2008] [2009] . It may be called stable by the model with VRS assumption. In case of Hungary, the values of TFP are lower -more skeptical about the improvement and more considered about the deterioration. This is more likely in this case, as this industry in Hungary is very restricted by government, so VRS assumption should be more useful. More skeptical situation by dTFP is also presented for Slovakia. Generally, the banking there industry experienced a significant deterioration of dTFP of below 100% or are close to 100% -2010-2011 and 2012-2013 . The low dTFP in first period is cost by he world-wide financial crisis and in the second period is cost by the changing to euro currency and transfer to the third stage of the European Monetary Union. On the other hand, the development of dTFP in Poland is The technological change (dTech) for model with VRS assumption has same trend for Poland and Slovakia. In case of the Czech Republic it is seen that with this model the dTech is the main trouble which was fixed just in last two periods. Hungarian banking industry struggles with deterioration of dTech mainly in first part of the analyzed period. Over all, for the dTech, the important year was mainly in 2010 -when the risk management was change. Fig. 1 and 2 give overall total factor productivity change and its components for the V4 countries all together in time period 2008-2013 with the CRS assumption and the VRS assumption, respectively. Fig. 1 shows that under the CRS assumption the main contributor of dTFP in the banking industry is mainly the technical change (dTech). This is mostly seen in period from 2010 to 2013. In the beginning of the period (2008) (2009) (2010) it is also seen the influence of pure technical efficiency (dITE). Note, that efficiency changes (dEff) are in the period decreasing really fast until 2010 and then they have oscillate around the value one -so the efficiency changes in the V4 seems to be stable after the recovery from the global crisis. This is mainly cost by the change in residual scale efficiency (dRISE) and also pure technical efficiency (dITE). The change of mix efficiency (dIME) have oscillate all the time around constant one. Fig. 2 shows overall total factor productivity changes and its components for the period 2008-2013 with the VRS assumption. From the first look it may be said that Fig. 2 is very similar to Fig. 1 . There are some small differences. Firstly, dTFP in first time period (2008) (2009) does not decrease. This is cost by higher increase of the dTech and pure technical efficiency (dITE). Secondly, the influence of the pure technical efficiency (dITE) is much more seen in this case during all period. The rest of the changes seem to have very similar character.
From Fig. 1 and 2 it is very clearly seen that the use of the VRS assumption is more convenient for this case. It is due to the fact that dTFP is mainly depending on dTechtechnological changes. The technological part for the banking industry is most important. The technological changes (dTech) captures the effect of technological changes as well as the effects of government regulation, central bank policy or competition. And due to the theoretical knowledge these are factors which are not handled in the CRS assumption. Also the different size of analyzed bank is the factors which is better handled by the VRS assumption. Over all, the result from the model with the VRS assumption seems to fit better to the situation in the past as well.
CONCLUSION
This paper is focusing on measurement of the development of efficiency and productivity of banking industry in the Visegrad Group based on the application of the Hicks-Moorsteen Total Factor Productivity index. The decomposition of Hicks-Moorsteen Total Factor Productivity index is used to see the situation in time from 2008 to 2013. In this paper the Hicks-Moorsteen Total Factor Productivity index uses the DEA for measuring the distance function so this fact let to try which assumption of return to scale is more convenient for this case. There have been estimated many efficiency measurements and components of productivity changes of the banking industry to better understand the situation in this industry.
Firstly, there have been made calculations for each bank. This brought too many information so the analysis for both models have been made just by the country. The analysis showed that both models give similar results. In the model with CRS assumption the main contributor of dTFP in the industry were just technical changes (dTech). Under the VRS assumption the main contributor of dTFP in the industry were dITE as well as technical changes (dTech) for all countries in the V4. These findings further support that scale inefficiency is a significant reason behind TFP shortfalls in the industry.
The results from the previous analysis also have been confirmed by the analysis of the overall total factor productivity change and its components. So over all it would be better to use for the future studies the model with VRS assumption as the results seem to be more correct according to reality and the requirements for the technology more fit.
For future work the database should be extended -more banks or different variables as input or output should be tried, for example variable equity is sometimes used as quasi input variable. Also the results should be discuss and compare with some alternative Total Factor Productivity indices like the Färe-Primont or other indices (Fisher, Törnqvist and so on).
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